Peroxisomes from mung bean ( Vigna radiata L.) hypocotyls catalyze, in the presence of branched-chain 2-oxo fatty acid, CoASH and NAD, the release of C02, and the formation of NADH and acyl-CoA. The acylCoA contains one carbon atom less than the branched-chain 2-oxo fatty acid and serves as substrate for the peroxisomal acyl-CoA oxidase. CO2 release, NADH and acyl-CoA formation occur in 1:1:1 stoichiometry. For the first time the data demonstrate directly the oxidative decarboxylation of branched-chain 2-oxo fatty acids in higher plants and a location of this activity in the peroxisomes.
Fatty acid degradation seems to be a basic metabolic function of the higher plant peroxisome (7, 8) . Where examined using saturated, straight-chain long-, medium-and short-chain fatty acids, peroxisomes from non-fatty plant tissues contain the ,3-oxidation pathway as do glyoxysomes, the peroxisomes of fatstoring nutrient tissues of seeds. Glyoxysomes are involved in the conversion of fat to sucrose during germination (1, 10) . The physiological role of the ability of non-glyoxysomal peroxisomes to degrade fatty acids has yet to be elucidated. A source of substrate for fatty acid degradation in non-fatty tissues can result from the degradation of branched-chain amino acids in the course of steady-state protein turnover. In Lemna minor, 40 to 50% of the leucine and isoleucine resulting from protein degradation is recycled into protein synthesis (4) . Intermediates of the catabolism ofthe branched-chain amino acids are branched fatty acids. The catabolism of these acids in higher plants has received very little attention (11) . Prior to degradation, the branched fatty acids have to be activated. The activation is catalyzed by a mitochondrial BCODH complex2 in animal tissues. The objective of this study was to examine the ability of the peroxisomes from a non-fatty plant tissue to activate those branched fatty acids which are formed by transamination of leucine, isoleucine, and valine. ' Assay B. The production of branched-chain acyl-CoA was determined by coupling the oxidation of the acyl-CoA formed to the BCODH complex reaction and then measuring, at 500 nm, the H202 formation resulting from the activity of endogenous peroxisomal or added acyl-CoA oxidase (9) . An assay medium as for assay A was used, but Triton X-100 was omitted and the medium contained additionally 50 ,M FAD, 13 mM phydroxybenzoic acid, 1 mm 4-aminoantipyrine, 1 mM NaN3, 88.3 nkat horseradish peroxidase, and, where indicated, 1.7 nkat acyl-CoA oxidase (from Candida sp.; Sigma, Munich, FRG).
Assay C. The 14CO2 evolution from 2-oxo-[1-`'C]isocaproate (91.7 MBq umol-'; 0.1 umol assay-') was determined. The assay medium (1 ml) was the same as that used in assay A except that Triton X-100 was omitted. The reaction was terminated by the addition of 0.5 ml 1 N HCl04 after 15 min incubation. "4CO2 liberated was absorbed into ethylene glycol monomethylether: ethanolamine (2: 1, v/v). Radioactivity was determined by scintillation counting (6) . The scintillation fluid was composed of 5 g Premix 4 (Zinser, Frankfurt/Main, FRG) dissolved in 1 L of toluene: methanol (3: 1, v/v).
Other Assays. Other assays used were: catalase (5), glutamate dehydrogenase (13), acyl-CoA oxidase (9) , and PDC (3). Protein was determined as described previously (9) .
HPLC Analysis of Acyl-CoA Esters. Assay A of BCODH complex was performed and the reaction was terminated, after different incubation times, by transferring 250 Ml of the assay mixture to 1.25 ml of Dole's reagent (2) . Denatured protein and precipitated sucrose were removed by centrifugation. Water (0.45 ml) and n-heptane (0.8 ml) were added to the supernatant (2).
After mixing, the lower (aqueous) layer of the two-phase system was concentrated to 200 Ml. Aliquots were used for HPLC analysis.
HPLC was performed by the use of a Bio-Rad column RP 304 (250 x 4.6 mm) (Bio-Rad, Munich, FRG) equipped with a BioRad micro-guard pre-column. The mobile-phase solvents were 25 mm KH2PO4, pH 5.0 (solvent A), and acetonitrile (solvent B). The mobile-phase composition profile during the chromatography was divided into several linear-gradient segments, each GERBLING AND GERHARDT successive segment possessing a different slope. The initial mobile-phase composition was 100% solvent A and 0% solvent B. The proportion (v/v) of solvent B was then increased linearly to 0.6% during the first 2.5 min, to 3.6% during the next 5 min, to 5.6% during a further 2.5 min, and to 9% during the next 7 min. The proportion of solvent B was held at 9% for min. During the next 1O min, it was increased to 18% where it was maintained for 2 min. The proportion of solvent B was increased finally to 30% during the next 5 min and held at this level for an additional 5 min. The chromatography was carried out at room temperature and the flow rate was 1 ml min-'. Elution of the acyl-CoA esters was monitored spectrophotometrically at 260 nm. CoASH and acyl-CoA esters (Sigma, Munich, FRG) used as reference standards were made up as 5 mm stock solutions in water. Reference standards were chromatographed using identical conditions as described above.
RESULTS AND DISCUSSION
Peroxisomes from mung-bean hypocotyls catalyzed a CoASHand NAD-dependent release of '4CO2 from 2-oxo-( 1-'4C)isocaproate (Table I) . NAD was reduced during the reaction. Mitochondrial fractions showed an activity of '4CO2 release from 2-oxo-(1-'4C)isocaproate, less than l/io of the activity observed with the peroxisomes. Significant concomitant NAD reduction was not observed. However, assay A of BCODH complex (detection limit 1.5 pmol NADH s-' assay-' under our assay conditions) is less sensitive than assay C. The low activity of mitochondrial fractions in '4C02 release may have been due to the activity of contaminating peroxisomes (Fig. 1) .
As with 2-oxoisocaproate, the transamination product of leucine, peroxisomes also catalyzed a CoASH-dependent NAD reduction in the presence of 2-oxoisovalerate and 2-oxo-3-methylvalerate, the transamination products of valine and isoleucine, respectively (Table II) . The NAD reduction was not stimulated by 0.2 mM thiamin pyrophosphate.
CoASH-dependent NAD reduction in the presence of branched fatty acids was also observed with glyoxysomes from sunflower cotyledons. The glyoxysomal activities were 85, 22, and 35 pmol NADH formed s-5 mg-' with the substrates 2-oxoisocaproate, 2-oxoisovalerate, and 2-oxo-3-methylvalerate.
When assayed with pyruvate as substrate, NAD reduction by the mung bean hypocotyl peroxisomes was not observed using assay A or the very similar assay ofPDC. Mitochondrial fractions showed PDC activity of approximately 1 nmol NADH formed s-5 mg-'. Comparable PDC activities have been reported for mitochondrial fractions from other plant tissues (3). Mitochondrial fractions from mung-bean hypocotyls did not reduce NAD when the assay of PDC was performed with a branched fatty acid as substrate or when assay A was used. These observations and the results presented in Figure 1 demonstrate that the NAD reduction by the peroxisomal fractions did not originate from a mg:') of rat liver mitochondrial extracts (12) .
Omission of Triton X-100, which inhibits the peroxisomal acyl-CoA oxidase (9) , from the assay medium resulted in H202 formation (assay B). It was CoASH-and NAD-dependent (Table  II) and stimulated by the addition of acyl-CoA oxidase to the assay medium. On the sucrose density gradient on which peroxisomes and mitochondria had been separated, the distribution profiles of H202 and NADH formation depending on the presence of 2-oxoisocaproate and CoASH were identical and most similar to the distribution profile of the peroxisomal marker catalase (Fig. 1) . The peroxisomal CoASH-dependent H202 formation observed in the presence of branched fatty acids indicates that during the reaction an acyl-CoA was formed which was then oxidized by the peroxisomal acyl-CoA oxidase. The proposed activity of the endogenous peroxisomal acyl-CoA oxidase was demonstrated using the substrates isovaleryl-CoA and isobutyryl-CoA, the acylCoAs formed by oxidative decarboxylation of 2-oxoisocaproate and 2-oxoisovalerate, respectively. The activities (42 and 35 pmol H202 formed s-' mg-') amounted to approximately 2% of the activity observed with palmitoyl-CoA as substrate.
In order to demonstrate directly the formation of the proposed acyl-CoAs the reaction mixture of assay A was separated by HPLC after the reaction had been terminated. The HPLC chromatogram of a reaction mixture that had not been incubated showed absorbance peaks at 13.5 min (CoASH) and below 10 min retention time. Incubation of the reaction mixture resulted only in one additional peak on the HPLC elution profile (Fig.  2) . Its height increased when the incubation time of the reaction mixture was increased from 1 min up to 15 min. Omission of NAD or CoASH from the assay medium resulted in an elution profile without the additional peak. The retention time of the additional peak was identical with that of the reference standard isovaleryl-CoA when the reaction mixture contained 2-oxoisocaproate as substrate; it was identical with that of isobutyrylCoA when 2-oxoisovalerate was used as substrate. Confirmation of peak identity was made by prior mixing of an aliquot of the reaction mixture and reference standard and by analyzing the mixture by HPLC. The peak to be identified and that of the reference standard showed complete overlap on the elution profile. Thus, the acyl-CoAs expected to be formed by oxidative decarboxylation of 2-oxoisocaproate and 2-oxoisovalerate could be detected following incubation of the reaction mixture of assay A. The additional peak appearing on the HPLC chromatogram of a reaction mixture that contained 2-oxo-3-methylvalerate as substrate was not identified by a reference standard. Based on the above results it is, however, assumed that this peak was due to 2-methylbutyryl-CoA since this acyl-CoA is formed by oxidative decarboxylation of 2-oxo-3-methylvalerate. No reference standard was available.
In conclusion, the data presented here demonstrate that the peroxisomes from mung bean hypocotyls catalyze, in a CoASHand NAD-dependent reaction, the release of CO2 from branched fatty acid and the concomitant formation of NADH and of the acyl-CoA, which contains one carbon atom less than the branched fatty acid used as substrate for the reaction. The cofactor requirements of the reaction, the product analyses, and the observed stoichiometries (Tables I and II) establish that the peroxisomes possess the BCODH complex and are able to activate the branched fatty acids which are formed by transamination of leucine, valine, and isoleucine (preliminary studies indicate that this transamination also occurs in the peroxisomes). The acyl-CoAs formed by oxidative decarboxylation of the branched fatty acids are then oxidized by the peroxisomal acyl-CoA oxidase. Experiments are in progress to examine the further steps and localization of the branched fatty acid catabolism in higher plants.
